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Chapter 9
Chapter 1 provides an introduction to the assessment of the early motor repertoire. In this chapter 
we also present the two aims of the thesis. Our fi rst aim was to investigate the development of 
the early motor repertoire, particularly at around three months’ post-term age, in normal and high-
risk infants. Both qualitative and quantitative aspects of the early motor repertoire were taken into 
account. Our second aim was to investigate the relationship between the early motor repertoire 
and functional outcome at school age in specifi c groups at risk for an abnormal neurological 
development. 
Part 1.  The early motor repertoire - qualitative and quantitative aspects
In chapter 2 of the thesis we described the early motor repertoire in infants born at term age. 
The motor repertoire at three months’ post-term age in preterm infants and its association with 
neurological outcome at school age is described in chapter 3 and 4. 
For term infants we found that with increasing post-term age, the early motor repertoire became 
smoother and more complex. In addition, the number of normal movements, the number of midline 
skills, and the number of postural patterns increased, while the number of abnormal movements, 
the number of postural patterns, and the monotony of the concurrent motor repertoire decreased 
with increasing post-term age. 
In preterm infants we found with a multiple logistic regression analysis that both the quality of FMs 
and the quality of the concurrent motor repertoire had independent prognostic value for MND at 
school age. Furthermore both abnormalities in quality and quantity of the early motor repertoire 
were associated with clinically relevant minor neurological dysfunction (MND) at seven to eleven 
years of age. Moreover, several normal qualitative and quantitative aspects of the early motor 
repertoire were associated with normal outcome.
In line with the observations in chapter 2 that the number of normal movements, the number 
of midline skills, and the number of postural patterns increased during the fi rst three months of 
age. The biological value of this sequence is obvious. Early stabilisation of the head makes feeding 
easier and enables the newborn child to become aware of the world. As a consequence, the infant’s 
orientation moves from being body-oriented to becoming environment-oriented with increasing 
post-term age. 
We put forward two interpretations of the fact that complexity and smoothness of the early motor 
repertoire, the two signs of normality, increased with increasing post-term age. Cortical areas 
increase their level of activity markedly during the second and third months of post-term age, as 
do the cerebellar cortex and the basal ganglia - areas involved in networks with important motor, 
cognitive, and behavioural functions.1 The second interpretation is that with the infant’s exploration 
of its environment, several motor strategies, integrating and refi ning neural input and output that 
starts at two months of age, leads to a better neurological performance.2 
In contrast to term infants with a normal development at school age, the early motor repertoire 
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at around three months of age in preterm infants who developed MND at school age, showed 
abnormalities. The fi ndings that abnormal FMs frequently precede clinically relevant abnormalities 
of coordination, balance, and fi ne motor abilities at school age is supported by work by Prechtl et al.3 
They speculated that, although the biological function of FMs - a transient, age-specifi c, and distinct 
form of GMs - is still unclear, one of the ontogenetic, adaptive functions of these small movements is 
the optimal calibration of the proprioceptive system. 
It is important to note that approximately one half of the infants who developed MND, had normal 
FMs. Nevertheless, in almost all of these infants, the quality of the concurrent repertoire was abnormal 
at eleven to sixteen weeks. In line with this observation, it was shown that, although reduced variability 
of spontaneous motility at this young age increases the risk for later neurological abnormalities, a small 
majority of these infants will develop normally.4-6 Apparently, reduced variability of the concurrent 
motor repertoire at this age hampers normal motor development in some, but not all, infants. 
Once again, the two interpretations of normal development could explain these fi ndings. Normal FMs 
in conjunction with a smooth and variable concurrent motor repertoire, provide a broad measure of 
the quality of early central nervous system development, thereby increasing the level of activity of 
cortical areas, cerebellar cortex, and the basal ganglia.1 The presence of normal FMs in conjunction 
with a normal concurrent motor repertoire may be an index of the quality of early central nervous 
system development in diff erent areas of the brain. Secondly, normal FMs in conjunction with a 
smooth, variable concurrent motor repertoire could be explained by the infant’s exploration of its 
environment that leads to a more normal neurological development.2 The absence of a smooth, 
variable motor repertoire at this age might hamper the infants’ abilities to interact with the world 
around them during a phase in which sensory motor activity drives motor development.
Our analysis of the quantitative aspects of the early motor repertoire around three months’ post-
term age revealed that, of all movement and postural patterns, only the ATN posture independently 
contributed to neurological outcome. Several studies in preterm infants showed that the obligatory 
ATN posture disappears at approximately three months’ post-term age.7,8 A delay in reaching this 
developmental milestone could be a sign of impaired maturation of the nervous system. The 
presence of an obligatory ATN posture could also be a sign of neurological damage. Zafeiriou et al.9 
reported a persistent ATN posture as well as retention of the ATN refl ex in infants suff ering from CP. 
This is in accordance with our fi ndings that a persistent ATN posture in combination with normal 
FMs and an abnormal concurrent motor repertoire, are predictors for the development of MND. 
An important fi nding of this thesis is that qualitative aspects of the motor repertoire were the 
strongest predictors for the development of MND. Quantitative aspects of the early motor repertoire, 
could increase the accuracy of the early motor repertoire for the prediction of MND, but only in 
conjunction with qualitative aspects. Furthermore, signifi cant diff erences in both qualitative and 
quantitative aspects of the motor repertoire between normal infants and infants with MND were 
only seen at eleven to sixteen weeks’ post-term age. This fi nding emphasises the importance of this 
period as a period of major transformation of the nervous system.10,11 
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Part 2. The early motor repertoire - neurological outcome in various high-risk groups 
In part 2 we described the early motor repertoire at around three months’ post-term age in relation 
to neurological outcome in various patient groups at risk for developing neurological impairments. 
Analysis of the motor repertoire between the age of eleven and seventeen weeks’ post-term age 
showed that several factors could infl uence this motor repertoire. 
In chapter 5 we showed that several components of the early motor repertoire in children, who 
eventually developed CP, were associated with functional limitations at six to twelve years of age. 
The age-adequacy of the motor repertoire, if found to be absent at eleven to seventeen weeks’ 
post-term age, was associated with more severe functional limitations in comparison to reduced or 
normal age-adequacy.  A cramped motor repertoire (abnormal) was associated with more severe 
functional limitations in comparison to a non-cramped motor repertoire.  Of all the movement and 
postural patterns observed, a monotonous kicking pattern at eleven to seventeen weeks’ post-term 
was associated with more severe functional limitations at school age, whereas a predominantly fl at 
posture was associated with less severe functional limitations, especially in case of a non-cramped 
movement character.  
To date, the relation between age-adequacy of the motor repertoire and the development of CP 
has not been investigated. The age-adequacy of the motor repertoire is based on the number of 
normal movement patterns at eleven to seventeen weeks’ post-term age. The spontaneous kicking 
pattern in young infants, shown here to be related to the degree of functional limitations in infants 
with CP, had been studied previously, but these studies only reported on the diff erences between 
low risk and high risk infants.12-15 An explanation for the persistence of a monotonous, repetitive 
kicking pattern could be due to delayed maturation in such infants, or it could be the result of more 
severe neurological impairment at this particular age. In our study, a monotonous kicking pattern 
combined with a cramped movement character was also associated with more severe functional 
limitations of children with CP, but we did not fi nd it to be related to the most severe forms of 
functional limitations. Nearly all children with the most severe functional limitations showed a very 
cramped movement character at the age of eleven to seventeen weeks. The absence of kicking 
movements in the latter group was probably caused by the incapacity of these infants to make 
kicking movements because they were too cramped. The observation that a fl at posture combined 
with a non-cramped movement character was associated with less severe functional limitations can 
also be explained. In general, a fl at posture is considered an abnormal sign. Apparently, in children 
without FMs, who are at risk for developing CP, a fl at posture is a favourable sign for later functional 
limitations. Previously, Touwen et al. stated that shoulder retraction, hyperextension of neck and 
trunk in the fi rst months of life (mimicking a fl at posture) were not predictive of later neurological 
impairment.16 We now add that a predominantly fl at posture accompanied by a non-cramped 
movement character, albeit an abnormal sign, is an independent predictor for less severe functional 
limitations in infants with CP. 
Chapter 6 described investigations in infants with IEM, a factor known to cause neurodevelopmental 
123
9
Summary and general discussion
sequalea.17,18 These investigations showed an abnormal motor repertoire around three months’ post-
term age. In infants with a neonatal presentation of an IEM, the quality of the early motor repertoire 
could be aff ected in the same way as infants without IEM. The early motor repertoire of infants with 
IEM had some specifi c characteristics. Most infants with IEM started off  being hypokinetic, followed 
by abnormal or poor repertoire GMs lasting for several days or weeks. The quality of the early motor 
repertoire before fi dgety age was, also but not strongly so, associated with the neurological and 
developmental fi ndings at two to three years of age. This is in line with previous studies on the 
predictive value of the quality of the early motor repertoire that showed that normal GMs are good 
predictors for a normal neurological outcome, whereas poor repertoire GMs are poor predictors 
for an abnormal outcome.19-21 The longitudinal trajectory was shown to be most predictive in both 
infants with and without IEM. The more severe and persistent the motor repertoire abnormalities, 
the more abnormal the scores in later neurological and developmental tests. 
In chapter 7, we reported on the infl uence of early dexamethasone treatment on neurological 
outcome in ELBW infants. We presented evidence suggesting that a prenatal hypoxic event in 
combination with early steroid treatment is associated with an adverse outcome.  
Previous animal model studies reported that dexamethasone aggravates already present ischemic 
brain injury,22 whereas corticosteroids given before a hypoxic event, reduces hypoxia-induced brain 
damage.23,24 Recently, a systematic review reported on the adverse eff ects of early dexamethasone 
treatment on neurological outcome.25 Our results suggest that in ELBW infants, early dexamethasone 
treatment may induce or aggravate neurological damage after a perinatal hypoxic incident. Our 
fi ndings indicated that perinatal hypoxia played a crucial role in the pathogenesis of neurological 
damage in which postnatal dexamethasone treatment served as a sort of second hit.  
Part 3. The early motor repertoire - cognitive outcome
In chapter 8 we reported on the quality of GMs in preterm children and cognitive development 
at school age. The quality of GMs during the early post-term period proved to be a marker for 
intelligence at school age. If GMs normalised before or at term age, IQ scores were within normal 
limits. If, however, GMs were consistently abnormal up to nine weeks’ post-term age, IQ scores at 
school age were approximately thirteen points lower, i.e. 0.9 standard deviation. Previous reports 
already showed that GMs with an abnormal quality during the early post-term period might refl ect 
injury or developmental disruptions of brain areas involved in cognitive development.26,27 Recently, 
an association was found between abnormal GMs at one and three months’ post-term age, and 
abnormalities of the cerebral white matter on magnetic resonance imaging (MRI) at term-equivalent 
age.28 This association was not seen between abnormal GMs and gray matter abnormalities.28 
Our results support the notion that reduced complexity and variability of GMs – as an expression of 
cerebral white matter damage – is the motor correlate of impaired cognitive function, in particular 
of those cognitive functions relying on distributed cortical networks.29 We suggest that our results 
possibly refl ect the crucial role of motor activity in normal cognitive development. This is in line 
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with part 1, where we showed that early motor activity is related to motor outcome at school age. 
Similarly, it could well be that motor activity (as refl ected by GMs) also plays an important role in 
the early development of perception and cognition during the early post-term period.30 The infant’s 
exploration of its environment with several motor strategies, and integrating and refi ning neural 
input and output, may lead to sound neurological development.2 The absence of a complex and 
variable motor repertoire at this particular age might hamper infants’ abilities to interact with the 
world around them. 
In conclusion, this thesis described the development of both qualitative and quantitative aspects 
of the early motor repertoire, particulary at around three months’ post-term age in term and 
preterm infants. Qualitative aspects, and some quantitative aspects of the early motor repertoire 
are predictive for neurological outcome at school age. In specifi c groups at risk for an abnormal 
neurological development, we found several additional associations between the early motor 
reperoire and functional outcome at school age. These fi ndings may be relevant for the understanding 
of early brain development. 
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